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Abstract: Attempts have been made to formulate controlled release drug dosage forms using chitosan as a release 
controlling polymer. Granules of combination of chitosan, hydroxylpropyl cellulose, lactose, starch and Ibuprofen 
were prepared by wet granulation method using 1.0% lactic acid solution. The granules were physico-chemically 
characterized in terms of density, porosity, angle of repose, carr’s index and housner ratio and was found to be 
free flowing with good compressibility. FTIR spectroscopy was used and confirmed that there is no interaction 
between the drug and the added polymers. /n vitro release of Ibuprofen, in phosphate buffer at pH 7.4, showed a 
steady and slow increase in the percentage of drug released over 24 hours as the percentage of chitosan was 
increased in the formulations compared to that from commercial tablets which released over 80.0% of their 
content in only two hours. The kinetic analysis using different mathematical models of the data revealed that the 
release kinetics of the drug form these formulations is somewhere between diffusion controlled, Fickian 
(anomalous) and non-Fickian which refers to a combination of diffusion and erosion controlled release. Thus, the 
high correlation coefficient of the data of drug release from most granules when zero order kinetics was applied 
revealed that there is a constant drug release with time for 24 hours. 


Introduction 

retardants. A combination of chitosan and hydroxyl 
propyl cellulose (HPC) reported to be successful in 
preparing formulations which are able of sustaining 


Various approaches are used to formulate sustained 
release drug delivery systems as diffusion sustained 
systems, dissolution sustained systems, swelling, 
expansion systems, floating systems and_ bio- 
adhesive or muco-adhesive systems. Matrix tablets 
using wet and dry granulation are used approaches to 


Ibuprofen release for few hours [1]. Matrix drug 
delivery systems release the drug in continuous 
manner where they release the drug by dissolution 
controlled and diffusion controlled mechanisms [2]. 
Although a high interest in effect of chitosan on drug 
release, taking to consideration its chemical 


sustain the drug action. Matrix tablets is oral solid 
dosage forms which the drug or active ingredient is 
homogeneously dispersed throughout hydrophilic or 


; ; properties, less attention was given to effects of its 
hydrophobic matrices that serve as arelease rate of 
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physical properties. However, the effect of gel 
formation of chitosan in granules is investigated in 
terms of drug release. It is well-documented that drug 
release is affected by gel formation of chitosan in 
acidic media [3]. The results indicated chitosan 
granules acted as slow-release formulations and 
kinetic constant of Ibuprofen release ranged from 
22.0% per hour to 31.0% per hour [4]. 


When a new solid dosage form is developed drug 
dissolution is an important test used to evaluate drug 
release from solid and semisolid dosage forms. The 
values obtained from dissolution study can be 
quantitatively analyzed by different mathematical 
formulae. Because qualitative and quantitative 
changes in formulation may alter the release of any 
drug and in vivo performance, developing tools that 
facilitate product development by reducing the 
necessity of bio-studies is always desirable leading 
to development of mathematical models. The 
mathematical modeling helps to optimize the design 
of therapeutic device to yield information on the 
efficacy of various release models [5]. Different 
mathematical models are used to determine the 
kinetics of drug release from drug delivery systems 
as zero order, first order, Hixson-Crowell, Higuchi 
and other models. The mechanism of drug release 
from matrix systems, the release data were fitted to 
selected models as first order kinetics, Higuchi 
equation and Korsmeyer exponential equation. The 
pharmaceutical dosage forms following this profile 
releases the same amount of drug by unit of time and 
it is the ideal method of drug release to achieve 
constant pharmacological action. Dissolution of drug 
from pharmaceutical dosage forms that do not 
disaggregate and release the drug slowly can be 
represented as Qt = Qy + Koz where Qt is the amount 
of drug dissolved in time t, Qp is the initial amount 
of drug in the solution and Ko is the zero order release 
constant. This relationship is used to describe drug 
dissolution from several types of modified release 
pharmaceutical dosage forms [6, 7]. Linear kinetics 
are a process that is directly proportional to drug 
concentration. This model is used to describe 
absorption and / or elimination of some drugs, 
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although it is difficult to conceptualize this 
mechanism in theoretical basis, however, the release 
of the drug which follows first order kinetics can be 
expressed by Ln (100 - Q) = In (QQ) - K,t where (Q) 
is percentage of drug released at time (t), (Qo) is the 
initial amount of drug in the solution and (K,) is the 
first order release constant obtained by plotting the 
natural logarithm of percentage or amount of drug 
remaining to be released against time. This is used to 
describe drug dissolution in pharmaceutical dosage 
forms as those containing water soluble drugs in 
porous matrices [8]. This is the first mathematical 
model that describes drug release from matrix system 
proposed by Higuchi [9]. Initial drug concentration 
in the matrix is much higher than drug solubility, 
drug diffusion takes place only in one dimension, 
drug particles are much smaller than thickness of 
system, swelling of matrix and dissolution are less or 
negligible, drug diffusivity is constant and perfect 
sink condition are always attained in the release 
environment. Dissolution from a planar system 
having a homogeneous matrix can be obtained by ft 
= Q = KyvVt where Ky is the Higuchi dissolution 
constant, Q = percentage or amount of drug released 
at time (t). Higuchi describes drug release as 
diffusion process based in Fick’s law, square root of 
time dependent. The drug dissolution from several 
types of modified release pharmaceutical dosage 
forms, as in the case of some transdermal systems 
and matrix tablets with water soluble drugs [10]. 


Korsemeyer and others [11] derived a simple 
relationship to describe drug release from polymeric 
system to describe the mechanism of drug release, 
first 60.0% of drug release data were fitted in 
Korsemeyer - peppas module: Log [F] = n log [t] + 
log [Kp] where: Kp is release rate constant, n is 
diffusion exponent which is indicative of the 
mechanism of drug release, was obtained by plotting 
the log value of the percent of drug released (F) 
against log time (t) for each formulation. An (n) 
value of n = 0.45 indicates Fickian (case I) release, 
(0.45 < n < 0.89) is non-Fickian (anomalous) release 
and n > 0.89 indicates super case II type of release. 
Case II refers to the erosion of the polymeric chain 
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and anomalous transport (non-Fickian) refers to a 
combination of diffusion and erosion controlled 
release. This equation is used to linearization of 
release data from formulations of microcapsules or 
microspheres and modified release dosage forms. 
The main objective of this work is to study the 
release characteristics and mechanism of Ibuprofen 
release from already prepared granules of 
combination of chitosan and HPC which are 
successful in sustaining Ibuprofen release for few 
hours. Granules of this combination were prepared 
by wet granulation method using 1.0% lactic acid 
solution [1]. Different mathematical models will be 
adopted in an attempt to explain the mechanism of 
drug release from this system. 


Materials and methods 


Chitosan from shrimp shells 75.0% deacetylation 
(Sigma Aldrich, Iceland). HPC average mw 100 000 
(Hass, ctradinghouse, Belgium). Iboprofen, mw 
206.28 (Sigma-Aldrich, China). Lactic acid (BDH 
chemicals Itd Poole England). Lactose (E. Merck, 
Darmstadt, Germany). USP Dissolution apparatus- 
Pharmatest DT70. Germany. UV/VIS Spectroph- 
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ptometer-JENWAY 6305, Germany. Granulator- 
Erweka AR 400, Germany. Drying oven-memert um 
300, Germany. Magnetic Stirrer-[KA Labortechnik 
pH basic, USA. Scanning electron microscope 
(SEM)-LEO, Germany. Fourier transform infrared 
spectroscopy (FTIR)-IR prestige, Shimadzu, 
Germany. 


Preparation of the granules: formulations 
prepared by wet granulation, Al-A4: Accurately 
weighed quantity (pre-sieved through 250 u sieve) 
of chitosan, HPC, lactose, starch and Ibuprofen 
(Table 1) were mixed together by mortar and pestle 
for 15 min. Sufficient quantity of 1.0% lactic acid 
was added gradually to form a wet mass and mixed 
for five min. The mixture was then granulated using 
oscillating granulator. The granules were collected 
and air dried for one hour at 55 °C, then left for 
drying at room temperature for 24 °C and finally 
were sieved through 1000 - 500 wu sieve. The 
granules were stored in  desiccators using 
anhydrous calcium chloride for further use. The 
required dose was filled in hard gelatin capsules for 
the release studies [12]. 


Table 1: Composition of formulations (Al - A4) 


Ingredients Formulations 
Al A2 A3 A4 
% (w/w) % (w/w) % (w/w) % (w/w) 

Ibuprofen 50.0% 50.0% 50.0% 50.0% 
Chitosan 40.0% 30.0% 20.0% 10.0% 
HPC - 10.0% 20.0% 30.0% 
Lactose 10.0% 10.0% 10.0% 10.0% 

01.0% lactic acid Qs Qs Qs Qs 

Statistical analysis: A SPSS _ statistic software Results 


package (version 20) was used for logical batched 
and non-batched statistical analysis. The test of 
significance and lack of significance among 
treatments at 95% confidence interval and a equal 
to 0.05 was carried out by using an overall ANOVA 
test. A test of Tukeys allowable difference was 
calculated to find out difference between the 
individual treatments. 
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In-vitro release studies of Ibuprofen from granules of 
formulations Al - A4: Table 2 and Figure 1 depict 
the drug release profile of percentage of Ibuprofen 
released from a matrix system composed mainly 
from chitosan (40.0%), formulation Al. It is 
noticeable that 82.0% of the drug content was 
released from these granules after 24 hours with near 
to a perfect linearity of the drug release profile. 
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Table 2: Release of Ibuprofen from granules of formulations Al - A4 
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Percentage of drug released and the amount released (mg) 
Time Amount % Amount % released Amount % Amount % released 
(hrs) mg +SD released mg +SD A2 mg + SD released mg +SD A4 
Al Al A2 A3 A3 A4 

00 00 00 00 00 00 00 00 00 

0.5 15.60 + 03.90 14.53 + 03.63 5.503 + 01.27 4.815 + 01.14 
0.383 0.254 0.197 0.021 

1.0 21.76 + 05.44 25.22 + 06.30 8.210 + 02.05 11.66 + 03.13 
1.682 0.028 0.763 0.339 

1.5 27.23 + 06.80 33.42 + 08.35 21.60 + 04.71 25.71 + 06.10 
0.601 0.268 1.598 1.032 

2.0 37.32 + 09.30 37.02 + 09.25 23.00 + 05.75 39.39 + 09.12 
0.961 0.844 0.593 1.711 

3.0 40.58 + 10.15 41.41 + 10.35 37.73 + 09.43 62.13 + 15.53 
1.300 1.290 1.180 0.926 

4.0 61.80 + 15.45 51.61 + 12.90 64.01 + 15.99 89.72 + 22.41 
0.989 0.135 0.123 1.138 

5.0 73.07 + 18.26 74.90 + 18.72 60.23 + 15.05 85.11 + 21.27 
0.044 0.106 1.260 1.011 

7.0 92.54 + 23.13 98.99 + 24.74 95.75 + 21.75 142.0 + 35.50 
2.623 0.742 1.760 3.181 

24 326.0 + 81.50 307.3 + 77.00 302.1 + 75.53 365.67 + 91.06 
2.687 0.346 1.970 0.49 
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Figure 1: Cumulative percentage of Ibuprofen released from formulations Al - A4 against time 


Kinetic data analysis for formulations Al - A4: 
Tables 3 and 4 show that the R?values for all 
mechanisms studied. The high R? values show that 
the release characteristics can be described by near 
zero-order kinetics for formulations Al, A2 and A3 


Mussa et al. (2022) Mediterr J Pharm Pharm Sci. 2(3): 31-38. 


and first-order kinetics for formulation A4. 
However, the release kinetics from formulation Al - 
A4 can also be described by Higuchi as well as 


Korrsmeyer-peppas models (Figures 2 - 4). 
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Figure 2: First order plot of formulations (A1-A4) 
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Figure 3: Higuchi equation plot for formulations (A1 - A4) 
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Figure 4: Korsmeyer- peppas plot for formulations (Al - A4) 


Mussa et al. (2022) Mediterr J Pharm Pharm Sci. 2(3): 31-38. 35 


www.medjpps.com 


Mediterranean Journal of Pharmacy & Pharmaceutical Sciences 


ISSN: 2789-1895 


Table 3: Kinetic data analysis for formulation Al - A4 


Zero order equation First order equation Higuchi equation 
Formula K° R? K1 R? K# R? 
code 
Al 3.323 0.998 -0.071 0.980 18.78 0.944 
A2 3.128 0.997 -0.061 0.985 17.67 0.947 
A3 3.155 0.997 -0.060 0.989 18.11 0.962 
A4 3.809 0.984 -0.103 0.991 22.16 0.989 


Table 4: Drug release kinetics from formulations A1-A4 using peppas exponential model equation 


Formulation n k? R? Drug release mechanism 

Al (40.0% chitosan) 0.789 5.370 0.974 Non-Fickian (anomalous) 

A2 (20.0% chitosan: 20 HPC) 0.762 5.617 0.971 Non-Fickian (anomalous) 
A3 (10.0%chitosan: 30 HPC) 1.139 2.636 0.989 Super case II type 
A4 (30.0% chitosan: 10 HPC) 1.140 3.527 0.968 Super case II type 


The data shown in Table 5 reveals similar results in terms of release studies of chitosan / HPC granules in which 
a significant change is observed only by increasing concentration of HPC up to 60.0% (p < 0.05). 


Table 5: Statistical analysis of selected data of the release studies of granules 


Test A2 A3 A4 ANOVA Tukey's test 
% Ibuprofen 24.74 | 21.75 35.5 P < 0.05 No significant difference 
released after 7 hrs P=0.234 
% buprofen 77.00 | 75.53 91.06 | P< 0.05 A2 & A3, P=0.391< 0.05 
released after 24 hrs P=0.018 A2 & A4, P = 0.016 < 0.05 
A3& A4, P = 0.009 < 0.05 


Discussion 


When HPC was introduced into formulations A2 - 
A4 in addition to chitosan, it can be clearly noticed 
that the percentage of drug released has decreased 
after 24 hours from 82.0% to 75.0% as the 
percentage of chitosan was decreased from 40.0% to 
10.0% (Table 2 and Figure 1). However, this 
percentage of drug released was significantly 
increased to reach 91.0% from granules of 
formulation A4 despite the increase of chitosan 
concentration to 30.0% which is most likely 
attributed to the presence of low percentage of HPC 
(10.0%) in this formulation. Thus, chitosan as a 
cationic polymer in combination with nonionic water 
soluble polymers such as HPC can enhance ability of 
this system to sustain the drug release for at least 24 
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hours. In most cases, extended release effect of the 
combination system is due to the fact that HPC is a 
hydrophilic polymer which swells and becomes a 
state of hydro-gel in water and releases drug in a 
controlled matter [13]. Ibuprofen conventional 
commercial tablets with a 400 mg dose have released 
whole dose within the first six hours, in clear contrast 
to the chitosan granules. The n value indicates that 
the drug release follow anomalous diffusion process, 
where the drug release from formulations A3 and A4 
follows non-Fickian diffusion process by super case 
II (swelling and relaxation of the polymer) which is 
attributed to the high content of HPC and chitosan, 
respectively. Since the n value for formulation A3 is 
approximately equal to 1.139 which is > 0.9, in clear 
agreement with the fact that the drug release from 
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systems with HPC is by dissolution and diffusion 
mechanisms which is mainly attributed to its 
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data revealed high correlation coefficients of drug 
release from most granules when zero order kinetics 


hydrophilic properties [13]. is constant drug release with time for 24 hours 
indicating release of drug can follow near-zero order 
kinetics. Treatment of data using other mathematical 
models revealed drug release might be described 
somewhere between diffusion controlled, Fickian 
(anomalous) and non-Fickian which refers to a 
combination of diffusion and erosion controlled 


release. 


Conclusion: In vitro release of Ibuprofen in 
phosphate buffer from granules of chitosan revealed 
that chitosan release is increased in the formulations 
and corresponding steady increase in the percentage 
of drug released over 24 hours compared to 
commercial tablets which released over 80.0% of 
their content in two hours. Mathematical modeling of 
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